4^ ^/kJ 



MACHINE-ASSISTED TRANSLATION (MAT): 



(19) imnm] 

g;2^|liifrFiT (IF) 



(19)[ISSUING COUNTRY] 

Japan Patent Office (JP) 



(12) i^^mmm 



(12)[GAZETTE CATEGORY] 

Laid-open Kokai Patent (A) 



(11) [^«-^] 
#11 2|i 11.306389 



(11)[K0KAI NUMBER] 

Unexamined Japanese Patent Heisei 
11-306389 



(43) mmm 



(43)[DATE OF FIRST PUBLICATION] 



^Mi'lM November 5, Heisei 11 (1999. 11.5) 

0 



(54) mm(P4>w] 



(54)[TITLE OF THE INVENTION] 

An image generation apparatus and the 
infonnation storage medium 



(51) mm^M'^mWrEm] 

GO6T 15/70 
A63F 9/22 
G06T 15/00 



(51)[IPC INT CL. 6] 

G06T 15/70 
A63F 9/22 
G06T 15/00 



[ F I ] 
G06F 15/62 340 K 
A63F 9/22 B 
G06F 15/62 360 



[Fl] 

G06F 15/62 
A63F 9/22 
G06F 15/62 



340 K 
B 

360 



[REQUEST FOR EXAMINATION] Yes 



[NUMBER OF CLAIMS] 8 



8/16/2004 



1/51 



(C) DERWENT 



I ttSMIiBl E D [FORM OF APPLICATION] Electronic 

l±M^l 13 [NUMBER OF PAGES] 13 

(21) mm^^] (21 )[APPLICATION NUMBER] 

10-131389 Japanese Patent Application Heisei 

10-131389 

(22) [tUMl] (22)[DATE OF FILING] 

^^'i 0 ¥ (X 9 9 87 4 M 2 4 April 24. Heisei 10 (1998. 4.24) 

0 

(71) mmX] (71)[PATENTEE/ASSIGNEE] 

l»J»:^.l [ID CODE] 

000134855 000134855 

[ ft^ Xji^Ml [NAME OR APPELLATION] 

K.K NAMCO 

[SMXffiSf ] [ADDRESS OR DOMICILE] 

(72) mm^] (72)[INVENTOR] 

[ ft^ ] [NAME OR APPELLATION] 

^ Matsuda, Shizuka 

UrnXUMm] [ADDRESS OR DOMICILE] 

MM^i^ mm^M^KzXM. .8 5 

(74) [^^tSAl (74)[AGENT] 

[ ] [PATENT ATTORNEY] 



8/16/2004 



2/51 



(C) DERWENT 



« (^2^) 



[NAME OR APPELLATION] 

Fuse, Yukio (besides two persons) 



(57) l^m] (57)[ABSTRACT OF THE DISCLOSURE] 



n [SUBJECT OF THE INVENTION] 

M'(ZM<D fi:Y''^^f^MWMM& The image generation apparatus and tlie 

M^X^^ 'Xi^<P'^J^'^^1^W-MX information storage medium whicli can 

|jli6T.l' 77k achieve the special image effect which does 

B^j^BU. W^W-MMW-^M^ not have an example in others, or can 

Lt"5)Si:o express a very real shadow in the small 

amount of calculations are provided. 

[PROBLEM TO BE SOLVED] 

'^^y^ ^20 (OH 1 (DW^B A 1st partial B1 of character 20 is projected 

1 ^Iteffi 1 9 it^^Lv on ground 19, character 20 is changed by 

i^C0M2 (DWP^ B 2^^^r^# > displacing 2nd partial B2 of a character in 

/]^cbjf\pi it ¥^W'M'f...i> ^.t j: ^ parallel in the direction of a projection vector, 

■V 7^'^" 2 O lr^B CI the image effect that a shadow becomes 

'<LW}i^/:>XMM.l<XK.^^t}/.\.o. three-dimensional and attacks suddenly is 

MMM^^W^-oDSlZD acquired. A real shadow is obtained by 

'^.^W7^T.^ 'Z FXV:^^ displaying both D1 and D2. The boundaries 

;#6o~B 1 V 6.2 ©MMG 1^^^^ CI and 02 of 81 and B2 are controlled to 

■2 ^M^ftiJ^^^ lj-o variable. The color of the projection part D2 

(D^^U^D 2 (DE^M\^1r'^o to ground 19 is made into black. About 81, 

B 1 iCoV^TJilll^-^ F y the projection matrix MP is made act on both 

^^^f WW}^^ h/i^V TCoW;^ rotation-matrix MR and the 

\tMM^ h £^5^ M JP IrMffll^ parallel-displacement vector VT. 

•^^ B 2 (ciov^T fiV Tic0i9^M About 82, MP is made act only on VT. A real 

P^#ffl §-S:5o MK> V TiciM shadow is generated by carrying out the 

P '^WME'^XWfi^ CfcM P R ; coordinate transformation of the vertex local 

V P Tic j; ;^/^MM^ coordinate by MR, MPR which made act and 

&WMi^'t ?)Zt X\ . MB.^^. 'fi^. produced MP to VT, and VPT, without using a 

3: 1^7 y ^ffi V ^ -5 ;i .t ^J: < V TfWl simple object. 
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[CLAIMS] 
[CLAIM 1] 

It is the image generation apparatus wliicli 
generates the image in the given viewpoint in 
object space, comprised such that It Is the 
means which transfonns this object by 
displacing in parallel In the direction of a 
projection vector about the 2nd part of this 
object while projecting In the direction of a 
projection vector with respect to a given 
surface about a 1 st part of a given object, it is 
the image which contains the image of the 
object which transformed, comprised such 
that the Image generation apparatus 
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^Mi^^^f^'t^^^t^^t^^ characterized by containing a means to 

t^Wi^t^^M^^f^^Wo generate the image which is in sight in the 

given viewpoint in object space. 

im^m Z] [CLAIM 2] 

:loJ/^l^ A image generation apparatus, in which in 

M 2 (D^^(DM^^^WltMW^ Claim 1 , the boundary of the part of said 1st, 

S:S^J: ^^M^3^^^^ 2nd is controlled to variable. 



[ff^^S 3 ] [CLAIM 3] 

ft^il 1 Xf± 2"fc;^ A image generation apparatus, in which in 

©ffi}c^^^ ft>fc^^^^ Claim 1 or 2, the image data about the part 

Kf^T^'— .^^^^^ projected on the given surface is changed. 

[lt*Jl4 ] [CLAIM 4] 

it^il 1 7!;^ 3 (7)V^-f tl/5^(t:Jo A image generation apparatus, in which in 

l^'Tv mW^^^(^^7'i^.^ i!^ H the any one of claim 1 to 3, when said given 

object comprises multiple parts objects, 

MM^ti^^^. ^M'uKMk^X about the parts object contained in said 1st 

Ml5Mli?^5^&'^^lk part, while rotationally moving the vertex 

5^3^ v^ i local coordinate of each parts object by the 

EIJL^EMK rotation matrix MPR obtained by the product 

^ 1- co[hI^^ f W^^M of the projection matrix MP and the rotation 

{t X^)M.^ t^ h}) :^ matrix MR of each parts object, the vertex 

P Rfcct 0\ #^A^'X^ local coordinate of each parts object is 

h]0MM'^-'^J^MW:^Wi^^W} displaced in parallel by the parallel - 

li'S <t MIES^-^ t displacement vector VPT obtained by the 

MP t '^^'^ hco^^, product of said projection matrix MP and the 

^^W}^1!^ y/^VT tO^ parallel-displacement vector VT of each 

# b ^ W-^jW^W}^ ^ ^ /V V P T parts object, about the parts object contained 

(Cct 9 ^ %/^— 'y::^7'>/ai ^ b co: in said 2nd part, the vertex local coordinate 

MM. ^ ^ J^MM ^ ¥^T#iti L ^ of each parts object is displaced in parallel by 

mt^W^2(D'^^M^^^f\^^^^—y the parallel-displacement vector VPTH 

:ty^i/:x.^ htcov^Tti^ ^^^^ obtained by the parameter H for pinpointing 



8/16/2004 



5/51 



(C) DERWENT 



'y:ty'iyo::.-^ h<7:>W\<l^-7' hi)l^^. the boundary of said projection matrix MP, 

MR iiZ.X 'O . !y ;?^7'^/^ ^ the parallel-displacement vector VT of each 

h coM-^p — :^//^M^^ |fli^WSj parts object, and the part of said 1st, 2nd by 

■t"6 t ^}^^ BUIE^^T h V :^ ^ the rotation matrix IVIR of each parts object, 

MP t^^'^—y^tzfi^;!^^ h(D^. while rotationally moving the vertex local 

tr^ib-^^ h/uVTi MIBH l\ coordinate of each parts object. 

<Dy<^ 7^ - H t it J; 19. mh fi S 
¥^fB»] ^ ^ F A V P T H (J J; 



[CLAIM 5] 

A image generation apparatus, in which in 
Claim 4, it is judged in any of the part of said 
1st, 2nd the parts object used as a process 
target is contained based on the component 
and said parameter H of said 
parallel-displacement vector VT of each 
parts object. 



^^^^^ }.^f^^-(7)-^:^(7j^ 



[CLAIM 6] 

It is the image generation apparatus which 
generates the image in the given viewpoint in 
object space, comprised such that while 
rotationally moving the vertex local 
coordinate of each parts object by the 
rotation matrix MPR obtained by the product 
of the projection matrix MP and the rotation 
matrix MR of each parts object which 
comprises a given object, the vertex local 
coordinate of each parts object is displaced 
in parallel by the parallel-displacement vector 
VPT obtained by the product of said 
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'£ *9 # h fl 5 ¥tf¥f)^^ h7i- V projection matrix MP and tine 

Pt\c^^, ^y<—y:^y'i>:^^ parallel-displacement vector VT of each 

H^7)1I.^^^— ;^7/i^ilM^¥tf#S) parts object, a means to generate the 

M0f-^^^>^7"^/;Il ^ h(DS^^ shadow of this given object, it is the image 

^J^'f'^^^t^ which contains said given object and said 

mM^M,<Djt'Zi^K^ given shadow, comprised such that the 

^^tsMW'V^h<:> XV W image generation apparatus characterized 

); 1^ coM^'WM^OS by containing a means to generate the image 

^AMW^.^M'^'3M^ which is in sight in the given viewpoint in 

c t ^mm <s"T 6mw^mmm: object space. 

Iff 7 ] [CLAIM 7] 

z^y^-p ^ It is the information storage medium for 

M^T:0M^^M^::^J^>yt generating the image in the given viewpoint 

W.MMi^V&<> Xi in object space, comprised such that it is the 

lf#^^^7 ^^ information for transforming this object by 

toV^X{iBff-%^®fc^ bT^^ displacing in parallel in the direction of a 

h/i/ cD^& [n] {cl^^T 5' ir^^ projection vector about the 2nd part of this 

(vv h (DM 2 <^M^ object, while projecting in the direction of a 

{doV^TfiS^^^ h/i^(D^\pHc projection vector with respect to a given 

i^^j^Hj'f 5 >! t surface about a 1 st part of a given object, it is 

h^lLMit && the image which contains the image of the 

itff^^-Sfej^r^^^^ object which transformed, comprised such 

:SSfflM2^1)oXl^ that the information storage medium 

^MP3J^rJ^^]QM^^ characterized by containing the information 

^MM^'^f&zEWM^^SMM^t for generating the image which is in sight in 

^I 'tSimMtEMM the given viewpoint in object space. 

[ff^^iS] [CLAIMS] 

^^y^y;:^^ h^fM\^^0^ It is the information storage medium for 

^'^'T?OM^^^^S;l:.Sfc^^^^ generating the image in the given viewpoint 

f5WM1$"t S)o"C< in object space, comprised such that while 

^^^-^^ h V ^ ^^MF tM-^??^:^ rotationally moving the vertex local 
i/:x ^ h ^^f^-fS^^^— coordinate of each parts object by the 

^ h OIhIISn^' h y ^ :^MR b rotation matrix MPR obtained by the product 
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^^MitX^M^ii^MM-^ of the projection matrix MP and the rotation 

IxMP Rti j; tJ v matrix MR of each parts object which 

i"^ H^Tlv^""p^ comprises a given object, the vertex local 

<!: #{i^^"M coordinate of each parts object is displaced 

^ AM P E in parallel by the parallel-displacement vector 

O^^fMM^^ F^^.Y VPT obtained by the product of said 

<£ >9#Bft6¥!f ¥t!3^^^ projection matrix MP and the parallel - 

P T K J: *9 ^ displacement vector VT of each parts object, 

f^JMM^ ^Jj^^^^^ information for generating the shadow of this 

U^ fIBfr#J^;^7Cv^;^ given object, it is the image which contains 

^f^'^^tc^<DWMt^ said given object and said given shadow, 

mMBr'^<^^y'.^J^^^^ comprised such that the information storage 

medium characterized by containing the 

K^MS^MWQMMKMk:'^X^^ information for generating the image which is 

WJ&MWl&EMT^MtMMMMB in sight in the given viewpoint in object 

wmiz:^^:^3mmmmm space. 

[mw^Mm^mS] [detailed description of the 

INVENTION] 
[pool] [0001] 

l^m^m^SM^M] [TECHNICAL FIELD OF THE INVENTION] 

iSM^M.^ i^^ This invention is related to the image 

generation apparatus and the information 
M^MM&&l^WMW^MMW}^M storage medium which generate the image in 

the given viewpoint in object space. 



[ Q P 0 2 ] [0002] 

l^imMWMMM^Tji [DESCRIPTION OF RELATED ART AND 

E^:^MM] PROBLEM TO BE SOLVED] 

^3l5 X J9ZTSM1^'K Conventionally, multiple objects are arranged 

EM^^S^ in the object space which is imagination 

c^2^ i^jxL ^ h ^IfiM Ur three-dimensional space, the image 
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^ h^f^P^^Bf-^O^K-A^hR^K. generation apparatus which generates the 

^Mi^^^f^ir^Wii^^^MS.:^^ image which is in sight from the given 

MF^it^tiXio^ , \/^t>^ viewpoint in object space is developed and 

S^HS^^^ft^i^'C^ ^h(DtL utilized, it is popular as what can experience 

TAM/5^rftv\ ^M&'^—^^M the so-called virtual reality. If the image 

Lt?i ;6^tr# 5®^^^i^fi?r generation apparatus which can enjoy a 

t flits y^^Yii. ..^.^^."^^^^ sport-combative game is taken for an 

^ L.L example, a player will operate a character, it 

5 Vfc^i is made to compete with the character which 

^ tMM^:^X:^ another player or computer operates, and a 

game is enjoyed. 

[0 0 0 3] [0003] 

Z,(DX. 9 ^c^M^^^KSifit-^oV VT In such an image generation apparatus, in 

(i, yu--^(D^\r^M.^(DWi^M order to raise the enthusiasm degree and 

-^'^X^^M^^ tc^lc^ iiL\tM engrossment degree to a game of a player, a 

(D fj:\/^^W^<^MWMp^,^M^X ^ technique in which the special image effect 

^M^'ffiMMtiXk^S>o which does not have an example in others is 

realizable is desired. 

[0 0 0 4] [0004] 

t,fc\ ^^y/^ ^^l}£(Oi^^^y:x, Moreover, a technique which can express 

^ h ©^^. ^P'fl\'^'^%MrX. X the shadow of objects, such as a character, 

19 y T/i^f^^^'Ct^SW'bM^ with reality in the small amount of 

iftXV^Sci calculations is also desired. 

[ 0 0 0 5 ] [0005] 

.iJi JzCO i o UW^^W This invention was comprised in view of the 

Mt-^^T^c^^^K'f-.^'^ above technical tasks. The place made into 

(Ir the objective is providing the image 

^^J^cfV^W^/^llMj^^^^ll^ generation apparatus and the information 

SM^^^i^ESt>*if ^teiSBfl^ storage medium which can achieve the 

WW^'f ^Z-hXth So special image effect which does not have an 

example in others. 

[0 0 0 6] [0006] 
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tc^M^M (Di^(DBM}t^ ^i^ J'c^ Moreover, another objective of this invention 

^WM'^^^X V TA^^M^^MM is providing the image generation apparatus 

'V^^WlM^f^WWRt^WMt^M and the information storage medium which 

Mii^^^^'t^ ^ t iZh^o can express a very real shadow in the small 

amount of calculations. 

[0 0 0 7] [0007] 

mm^nmi-^ tc^(D^m [means to solve the problem] 

JilEliMSrS?^i~§ fc^^^f^^^^^^ In order to solve said task, this invention is 

Mit^ :t':/iy:j:-i^y^f^\HO'Bf-^ an image generation apparatus which 

(D^^.'T:(DW\M^^f^ir ^M^^ generates the image in the given viewpoint in 

^^©"CfeoX. B^^(7):^7'v^ai object space, comprised such that it is the 

^ 1 <^p|5$)^}io means which transforms this object by 

OMKMET^M^ displacing in parallel in the direction of a 

it^^'^WtMiZ^IM^^i^^;^^ projection vector about the 2nd part of this 

h CDWTcDU ^^z: ^V^X W^B^ object while projecting in the direction of a 

¥-£/kE>^S^ projection vector with respect to a given 

surface about a 1 st part of a given object, it is 

fc x.^MSfcf^ the image which contains the image of the 

W^"^tIWMXW^lK>^. object which transformed, comprised such 

^ h^r^l that it is characterized by containing a means 

§ WW^Mf^i:^^^ t to generate the image which is in sight in the 

t^^t t "t" 5 b given viewpoint in object space. 

[ 0 0 0 8 ] [0008] 

W^^M\^£^til('f.^^M^ According to this invention, a 1st part is 

'^(D^{zW^^ti, ^2(DU^M projected on a given surface, an object is 

S^^^ h/^t^;^fpi(t¥tT^i(j$ transformed so that a 2nd part may be 

HS cfc 9 (^.^ b displaced in parallel in the direction of a 

^h^o Z^^^^^-- M^ projection vector. This said that a 1st part 

(D'^^'i^'^^^'^i^<D'^ WT W> 1 0pP was projected on a given surface, while the 

^^/5^Bff#^ffif^S:^S^fc 2nd part had been three-dimensional, a 

^ #M?SMM"^i^^^ special image can be acquired. As a result, 

5 o ^ (^lp ffi^^ the game production which does not have an 

"Ttifc/^ example in others comes be made, and the 
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i^'^cofi'f'S^rfiit»^ ^ t enthusiasm degree to the game of a player 
"C^^o can be raised. 



[0 0 0 9] 

i^tc:^mm-is mm 



[0009] 

2 0) IVIoreover, this invention is characterized by 



controlling the boundary of the part of said 
1st, 2nd to variable. The game production of 
the pattern and shadow of the ground or a 
wall solidifying suddenly and attacking by 
doing in this way, is attained. 

[0010] 

Moreover, this invention is characterized by 
changing the image data about the part 
projected on the given surface. As image 
data changed in this case, the data for color 
data and semi-transparent processing, 
texture data, brightness data, etc. can be 
considered. For example, by changing the 
color of the projected part into black, the 
projected part can be shown like a shadow. 



[0 Oil] 

y :r ^ > (DmM-^^A ^ AM R 



[0011] 

Moreover, this invention is set when said 
given object comprises multiple parts 
objects, about the parts object contained in 
said 1st part, while rotationally moving the 
vertex local coordinate of each parts object 
by the rotation matrix MPR obtained by the 
product of the projection matrix MP and the 
rotation matrix MR of each parts object, the 
vertex local coordinate of each parts object is 
displaced in parallel by the parallel - 
displacement vector VPT obtained by the 
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{ V.J; ^fi^¥^mm^^:yjy^ 

V P T\t ^V)^ :^y<~-y ^ 
«] IfrlEU 2 0§l55y{-:3^ 

y Xm r (c . - #7-N— >> ;f :7 
h tih^W^^m^^ K /k V P T H 

^ UfcM P R V P Tjc:^ t!) 

^Ij M P % ^ * $ -yr-c 
bfc V P T H J: i9;m2 



product of said projection matrix MP and the 
parallel-displacement vector VT of each 
parts object, about the parts object contained 
In said 2nd part, it is characterized by 
displacing the vertex local coordinate of each 
parts object in parallel by the 
parallel-displacement vector VPTH obtained 
by the parameter H for pinpointing the 
boundary of said projection matrix MP, the 
parallel-displacement vector VT of each 
parts object, and the part of said 1st, 2nd by 
the rotation matrix MR of each parts object, 
while rotationally moving the vertex local 
coordinate of each parts object. The vertex 
local coordinate of each parts object is 
transformed into the coordinate of a world 
coordinate by such a rotational movement 
and parallel displacement. And according to 
this invention, the vertex local coordinate of a 
1 St part of a parts object is rotationally moved 
and displaced in parallel by MPR and VPT 
which had made MP act beforehand and 
produced it, the vertex local coordinate of a 
2nd part is displaced in parallel by VPTH 
which had made MP act beforehand and 
produced it. Therefore, a 1st part is projected 
on a given surface, object transformation that 
a 2nd part is displaced in parallel in the 
direction of a projection vector can be 
achieved now in the very small amount of 
calculations. 
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[0 0 12] 

(DM'^.t mmy'< fF- f H i: 
±1) iiit j?:^ mmMMJii^3j<B 



[0012] 

Moreover, this invention is characterized by 
judging in any of the part of said 1st, 2nd the 
parts object used as a process target is 
contained based on the component and said 
parameter H of said parallel-displacement 
vector VT of each parts object. Judgment in 
any of the part of said 1st, 2nd the parts 
object used as a process target is contained 
by doing in this way can be achieved now by 
simple processing. 



[0 0 13] [0013] 

Moreover, this invention is an image 

&.QWM.(SM&T'.^MWSMM:£i generation apparatus which generates the 

^W^^MW^^^^><>X^^1^^^: image in the given viewpoint in object space, 

hJl.^Z^MFlt'MM^^ comprised such that while rotationally 

l"!^,MJ5feT5.^21EJ^^^ moving the vertex local coordinate of each 

f(D^W-f'FV'i!^''?'M^ parts object by the rotation matrix MPR 

J; h y "^^MP obtained by the product of the projection 

R\t^^) ^ ^y<'-"^ t:'^'i<^£^^'h matrix MP and the rotation matrix MR of 

0MM^'-:^/k}MM^Mi^i^Wyf: each parts object which comprises a given 

6 ir #l;£x MtESI^-? F y^^^^^ object, the vertex local coordinate of each 

^J::3:y<rzyJt^ii^£^J^^S^ parts object is displaced in parallel by the 

^lJE??i:i"/)?Vl:E^ parallel-displacement vector VPT obtained 

E&;'5rS5M161Br£IES by the product of said projection matrix MP 

iJ;.5TIT#^ and the parallel-displacement vector VT of 

^ p — :;i7/j<'M^^J^ each parts object, a means to generate the 

Wf':^W::f^'{y'^r^''fc^ shadow of this given object, it is the image 

i5M^ <!r ^ .MISM#©^ which contains said given object and said 

h 'Em^W^WtsMM'Wi^^XA given shadow, comprised such that it is 

't'^i^:i^-!^.hMf^\^0MM^WM characterized by containing a means to 

(3:fev\"CM.x 6MM^:^^i~^ generate the image which is in sight in the 
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given viewpoint in object space. 



[ O'O j 4 ] 
[0 0 15] 



[0 0 1 6 1 

•to 

[0 0 1 7 ] 



[0014] 

According to this invention, based on IVIPR 
and VPT whicli had made MP act 
beforehand and produced it, the coordinate 
transfonnation of the vertex local coordinate 
of a parts object is performed to once. 
Therefore, even if it is the object of what i<ind 
of shape, without preparing the simple object 
for a shadow generation beforehand, a very 
real shadow can be generated in the small 
amount of calculations. 

[0015] 

[EMBODIMENT OF THE INVENTION] 

Hereafter, preferred embodiment of this 
invention is demonstrated using drawing. 
In addition, below, this invention Is 
demonstrated taking the case of the case 
where it applies a sport-combative game. 
What this invention is applied is not restricted 
to this. 

[0016] 

In FIG. 1, an example of the functional-block 
figure of the image generation apparatus of 
this Embodiment is shown. 

[0017] 

An operation part 10 is for a player to input 
the operation data by operating a lever and a 
button here. The operation data obtained by 
an operation part 10 are input Into the 
processing part 100. 
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I 0 0 1 8 ] 

5 o :^-?5BaifPj _o 0. gimrn m 

CP U; CCXS-CM] RTESlGM), 



[0018] 

The processing part 100 performs 
processing which arranges an object at 
object space, and processing which 
generates the image in the given viewpoint 
of this object space based on said operation 
data, a given program, etc. 
The function of this processing part 100 is 
realizable with hardware, such as CPU (a 
CISC type, RISC type), DSP, ASIC(s) (gate 
array etc.), and a memory. 



[00 1 9 ] 

M.a\/ic:D\- Ri? m;: 
#.5o:.:^aMi. 0 ojc::r 



[0019] 

The information storage medium 190 stores 
a program and data. 

The function of this Information storage 
medium 190 is realizable with hardware, 
such as CD-ROM, a game cassette, an IC 
card, MO, FD and DVD, a hard disk, and 
ROM. 

The processing part 100 performs various 
processing based on the program and data 
from this information storage medium 190. 



[0020] 

The processing part 100 contains the game 
arithmetic part 110 and the image generation 
part 150. 



[0 0 2 1 ] 

-A^— VO^MMM^ ^rr.h<n processing which determines the position 



[0021] 

35 1 i 0 f3;> "'i? The game arithmetic part 110 performs 
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iitf ^ ^ 7^ }£(D^M and the direction of moving bodies, such as 

i^o:>{iLW.^^\»\'^dk^'b^M^ li setting processing in game mode, advance 
L-^^i^i^lRj&^fcSMfS^ processing of a game, and a character, 

processing which determines a viewpoint 
position and a gaze direction, processing 
which arranges an object to object space 
here. 



[0 0 2 21 [0022] 

^/cMM^g^fP-l S 0,(i. A iVIoreover, the image generation part 150 
l D}ti.,^Wl.'&'^fitz^\ performs processing which generates the 



image In the given viewpoint in the object 
space set by the game arithmetic part 110. 
The image generated by the image 
generation part 150 is displayed in a display 
section 12. 



[0 0 2 3] 



[0023] 

1 ilO ji^iSISMS The game arithmetic part 110 contains the 
:2 i "I^I^MIP moving-body arithmetic part 112 and the 
LX4^.^tf] object transformation part (shadow 

generation part) 114. 



[0 0 2 4] 

c ^ x^^mwmwu.i. 1 2 M 

7° u- - ^imi^i-Jb ^ ^ y ^ 

5 o J; •) Mi^mK it. . 
y v—h. ( r/ ai o w ~M\ 



[0024] 

The moving-body arithmetic part 112 Is 
based on the operation data Input from an 
operation part 10, or a given program here, 
the calculation for moving the character 
(moving body) which a player operates, and 
the character by which a motion is controlled 
by a given control program (computer) in 
object space is performed. More specifically, 
the calculation which calculates the position 
and the direction of a character for example, 
to each one frame (1/60 second) Is 
performed. 
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[0 0 2 5] 

+ 7 f£ t' o)t :/ v^ .^ ^ > % ^ 



[0025] 

The object transformation part 114 performs 
processing for transforming objects, such as 
a cliaracter. This object transformation part 
114 functions also as a shadow generation 
part. Specifically, the following processing is 
performed. 



[0 0 2 6] 

m r6KWi^xms^^T)h (II 

WT 6 ol o t . 0 > P-II " P . 2W} 

R 1 ; R"2:(g#t-:j: ygiii^M 
Si: . T 1 : 1 2. ic^-r.;j: 

5 ^Mf< i?' ■ _h .1 8 (d:B (i 2g 



[0026] 

That is, as shown in FIG 2 about a 1st parts 
PI and P2 of Object OB, it projects with 
respect to a projection surface (for example, 
the ground, a wall) 16 in the direction of the 
projection vector (for example, light-source 
vector) 18. In other words, while rotationally 
moving PI and P2 as shown in R1, R2, they 
are displaced in parallel in the direction of the 
projection vector 1 8 as shown in T1 and T2. 



[0 0 2 7] [0027] 

--:^v 15^ Q B 05S 2 <S On the other hand, about the 2nd parts P3 

M5^ P" 3 / P 4 tCov^TM and P4 of Object OB, it displaces in parallel 

^ h 1 8 o:>j5Ji^\LW^i:WrW]'^ in the direction of the projection vector 1 8. 

&.,M^Z:S^^ ^iJ^A^^^XMi That is, about P3 and P4, it differs in PI and 

f.Tr^F^TEiXWtllWM^WW^ P2, and a rotational movement is not 

Ifr^rf > T 5 performed, but only the parallel displacement 

W^J?ih'^WD 6 shown to T3 and T4 is performed. 



[0 0 2 8] [0028] 

U^..^ W 1 s H 2 (D'^j^(DMWUj In addition, the boundary of a 1 st, 2nd part is 

W]0 M^M^'^^^.y y^ 'E^'^ X controlled by H which is a parameter 

i ^) Mlll'f^o 7 ^ — ^ H ^ showing the amount of submersion. 

/Jy$ < ■ftiffS^ffifcig^^ti'S If a parameter H is made small, the part (a 
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IfPi^- (lll<75lH55» t^4^^< ^£^. 1st part) projected on a projection surface 
H^;'^# < i-tifiS^ffi{-S^^ will become smaller, if H is enlarged, the part 
fi^^^^^:k'^ < So projected on a projection surface will become 

bigger. 



["0 0 2 9] [0029] 

t. tc. P 1 . y 2 0W:^WW}Wi Moreover, the length of T1 and T2 which are 



p r; p 2 Y^M^ra-f "SJ 

T-fe § T 3 . T 4 CD5.$ C < 



the parallel-displacement distance of PI and 
P2 is proportional to Y component of P1 and 
P2 respectively. On the other hand, the 
length of T3 and T4 which are the 
parallel-displacement distance of P3 and P4 
becomes equal. More specifically, both the 
length of T3 and T4 is proportional to H 
which is a parameter showing the amount of 
submersion. 



[0 0 3 0] 

&s±.(DXo\^l-Xs P.1~P4(C 

i 0 mj^^ ti 9 ^^.y O B 

^; PI ' ~ P.4 ' itx^mm^ 



[0030] 

The object OB comprised by P1-P4 as 
mentioned above can be transformed into 
OB' comprised by P1'-P4'. 
By performing such an object transformation, 
the special image effect as shown in FIG. 3 
can be expressed. 



[0 0 3 1 ] 

m 3 -T? (i . A 1 ~ A :4is2^T 

Itm 30 A iXili:^^ =7^^ 20 

Tv^5o -;^v m3(Dh2xm 



[0031] 

In FIG. 3, the character (a wide sense object) 
20 is changed into the state (projection state) 
of the shadow In ground 19 of character 20 in 
real time from the three-dimensional state as 
shown in A1-A4. 

For example, in A1 of FIG 3, it Is in the state 
where all the parts of character 20 are 
three-dimensional. 

On the other hand, in A2 of FIG. 3, the part 
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y ^ ^ 2 0(DB 2 (DM:^ (H (2nd part) of B2 of character 20 has become 

2 (D^^^) iittLi^(D^Wi(D-^t. t with the three-dimensional state as Is. 

ts:'oX\/^^3. B 1 (D^^ (H i However, the part (a 1st part) of B1 will be in 

coU j^) {i^<D^^^(c/£5o the state of a shadow. 



[0 0 3 2] 

(D M-a > ^^ v ^ -^ 2 0 CO t^ (O, 

U'^t mm 1 9 itrnm-r 

tt. El 2 K7f^-tm "9 7 ^ - 

ffi 1 9 {C^^ ^ ^ 5 (^^B; 
C I v. C 2 5 C 

5 (5 T-^-^ 2 o:€:^M sits 

4 V A 3 ; A 2 . AI <t v X5 =6 3 

^ ^2 0 ~^mm^^it\^ ^ 



[0032] 

In this case, It can be designated with the 
amount parameter H of submersion shown In 
FIG. 2 whichever part of character 20 is 
projected on ground 19. 
That is, the boundaries CI and C2 of a 
three-dimensional part and the part projected 
on ground 19 are freely changeable by 
controlling H. 

For example, what Is sufficient Is just to 
enlarge H little by little from 0 in FIG. 3 to 
change character 20 like A1 , A2, A3 and A4. 
On the contrary, what is sufficient Is just to 
make H little by little small from the maximum 
value to change character 20 like A4, A3, A2 
and A1 . 



[0 0 3 3 ] 

xwmLx<:^wo^~^^^ 



[0033] 

The game production of what the player 
regarded as their being a pattern and a mere 
shadow in the ground or a wall solidifying 
suddenly, and attacking by utilizing a special 
Image effect like FIG 3, is attained. In this 
case, what is sufficient is just to change 
character 20 like A4, A3, A2 and A1 In FIG 3. 



[0 0 3 4] [0034] 

^fcHI 3CQA4 (v*3V^T, W]f^m Moreover, in A4 of FIG. 3, D1 which is a 
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(D^'t 7/^ -^ Vh^U~l MM character before a transformation, and D2 

^^(7)^^ y^ '^'i:W^D 2^ which is a character after a transfomiation 

Rf t^^^L\ D 2 (DMM^(0^-^r are displayed simultaneously, if the color of 

y ^J' ^ co#,^||{ci~tij^v ^ti^ the character after a transformation of D2 is 

■T?{C7feV^^S'l'^ y T/^^eM^:^^!^ made into black, the very real shadow which 

5 J: 5 i^;/^ 2> is not until now can be generated (in this 

MXo;t'f ii^^J^.£MMMJj.'ji case, the object transformation part 114 of 

UK^MMFnxM^T3Jo FIG 1 functions as a shadow generation 

part). 

[ o: 0 3 5 ] [0035] 

CBjril B" !^^^ Cb;)^ The example of the image generated by 

m3 (A) , m:}z::^mmm fig.4 (a). (b), fig.5 (a), (b), and figs (a). 

fcSiMM^PuIfS (B) by this Embodiment is shown. 

[0Jb3T6] [0036] 

MWJA^JSM^^''XM^MMMS. In FIG4(A), the perfect three-dimensional 

g o fc ^ ^ 7 i^T!^2 ;03X. 111:4 character 20 is FIG4(B), the leg is FIG5(A), 

(B) t^:(i^®P;51vJia 5 (A) a leg and the belly are FIG5(B), all of that 

liWRXfUMW. B 5 ( B r has assimilated to the shadow. 

&^O^Xii^s^\ZWiMyX\'^&^ According to this Embodiment, character 20 

can be changed now in real time like 

HWMm±::^Z£T.ZM32.m s FIG4(A). FIG4(B), FIG5(A), and FIG5(B) by 

HIAKH) ;BI boa) CIHr5Z(H) controlling a parameter H. 

[Q 0 3 7] [0037] 

W^i^. HI 5. ( B ) ^ ID 5 ( A) ; M On the contrary, if character 20 is changed 

4: XB;)r K4 ( A) :.^^^^^ nke FIG.5(B), FIG5(A), FIG4(B), and 

y rJ' ^ 2 O ^MWTtiit. M FIG4(A), the special image effect that 

ifiic^BV^tt^l^cQct ^ K^x.fc^. character 20 which seemed to be pattern on 

•Y y ^ 2 Oi)^^ KtLW\z.fi- the ground becomes three-dimensional 

^ X W's h V ^ 5 #^?feiifMiljS: gradually can also be acquired. 
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[00 3 8] [0038] 

Hi e ( AX ( B) :^MMMM The example of the image at the time of 

icX *) =^ -ir y ^ ^ 2 0 CD y T/y ^j^ generating the real shadow 22 of character 

^2 2 ^^^Ufc^-g- ([g]3©A 20 by this Embodiment in FIG6 (A), (B) 

(DmjS.ff^M^yr^i'o (referring A4 of FIG 3) is shown. 

1216 (A) tM3 IB) tt'it..s In addition, the directions of a light-source 

^ h TV ^ vector differ in FIG6(A) and FIG6(B). 

So 

[0 0 3 9] [0039] 

1216 (A) t7!)E 5}v> According to this Embodiment, the shadow 

J:lif€> ^^■V^i^' ^i of sword 24 of character 20 is also drawn 

2 OjDiiJ 2 i(rMEWM}i^'^Xr^ very with reality as shown in E1 of FIG6(A), 

XSMfy^f^^IMKS^M^M^Sf^M^ it is the shadow which reflected the shape of 

'mM\ytiM.EM3'T\:'^ sword 24 minutely 

[00 4 0 ] [0040] 

^ ft:"' [21.6 (B) .'CO E 2 (^^Tf J; Moreover, the shadow of head 26 of 

5 character 20 is also the very real shadow in 

Wh^ IS(7)^;Zf.^;^SKg5^^;^fc^ which the roundness of the head etc. was 

U T/w/.^Mic?'^ o TV ^ -^o reflected as shown in E2 of FIG6(B). 

[:o:oi4 1] [0041] 

Cl<D J; 5 \t'^%W%Wi^Xf\^\'S-s Thus, according to this Embodiment, even if 

^?cb J; 5 it is the object which has what kind of 

>T|)oT t) v -^rtOMIR Complicated shape, the outline can generate 

W^M\tm^^f)^1t^) r/vii^'^ the real shadow reflected faithfully 

^fi£T# 5. 

[ 0 0 4„2 ] [0042] 

WfI^ZM%Wi^^M\tS^fsM Moreover, according to this Embodiment, the 

^sS"f^^.^TcfeWSSiJ?£7^i— ^ special data for generating a shadow are not 

Wh \ gp *p; B ^^"^-f required. 

1 ocQ^iSi: UTv :^"yv^3i^ F That is, the simple object of the simple shape 
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[0 0 4 3] 
lO 0 4 4] 

{i\ . t cl; 5 s.:^ h 

[0 0 4 5] 
[0 0 4 6 ] 

miM, 114 (A) ~a5 (B) 

[0 0 4 7] 

{7.1- y^^ 1)„ rcD^^-^ hy 



which approximates the shape of an object is 
prepared as the one method which 
generates a shadow, the method of 
generating a shadow can be considered by 
projecting the simple object on the ground. 

[0043] 

However, according to this method, the data 
of a simple object are needed as special data 
for generating a shadow. 
Moreover, since the shadow generated also 
becomes a thing reflecting not the shape of 
an actual object but the shape of a simple 
object, it is not real, either. 

[0044] 

On the other hand, according to this 
Embodiment, the real shadow very near the 
shadow of the real world can be generated, 
without preparing the data of such a simple 
object. 

[0045] 

Next, the detailed process example of this 
Embodiment is demonstrated using the 
flowchart of FIG 7, FIG. 8. 

[0046] 

FIG 7 is the flowchart of the transformation 
processing of an object shown in 
FIG4(A)-FIG.5(B). 

[0047] 

First, the projection matrix MP is acquired 
(step S1). This projection matrix MP can be 
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^ ;^M P \t1Sts^^^ h produced based on a projection vector. 
WMX*^ -So ¥^T3tM;6^ h<D^\t When projecting the shadow by the light from 

a parallel light source on the ground etc., the 
light-source vector VL (LX, LY, LZ) as shown 
in FIG.9(A) can be considered as such a 
projection vector. 



ur; m 9 (a) {cfr^irx 5 & 
z) ^^K^ttWr^^^'o 



[00 4 8] 

r ^ -e V El 9 ( B ) fc/T^-r J; 5 ^ 

F 1 (X 0, Y 0, Z 0) t^(D 
WmMF 2. (X 0 ' r Y 0 I L z 0 ' ) 

© Y MS . ( ii"^:) T' "^:y: D 

T 2 #B^) 0 U -t r 

XO' =XO+YOXLX/LY 
YO' -0 (i) 
Z 0 ' = Z 0 + Y 0 X r Z ZLiY 

j:^ (1) io. sm-^rh y 



[0048] 

Here, the case where object 30 is projected 

on XZ flat surface is considered as shown in 

FIG9(B). Then, the parallel-displacement 

distance TD of point F1 (XO, YO, ZO) and its 

projection point F2 (XO', YO', ZO') is 

proportional to YO which is the y coordinate 

(height) of point F1 (the parallel - 

displacement distance T1 of FIG. 2, T2 

reference). And the component of a 

light-source vector can express the 

coefficient in this case. 

That is, following Formula (1) is formed. 

XO'=XO+YO*LX/LY 

Y0'=0 (1) 

Z0'=Z0+Y0*LZ/LY 

The projection matrix MP can be expressed 
like following Formula (2) from the above 
Formula(1). 



mi] 



[EQUATION 1] 



MP = 



1 LX/LY 
0 0 
0 LZ/LY 



0 
0 
1 



(2 ) 
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^(d^ y^yiyzt.^ }- Next, rotation-matrix MR of each parts object 

/<—y:ty'^i^::^i^h<D^^'rhV which comprises an object, and the 

^;^MR, ^ff3Wi^^ h/i/V T parallel-displacement vector VT are acquired 

(;^X:y:/S 2:)o gp-^rigl (stepS2). 

1 0 i:&\\ZtfHt. h That is, if FIG 10 is taken for an example, 

4; a^M^T^^^-^ ;^ >^ rotation-matrix MR of parts object PB1 -PB1 1 

h P B i B 07^^^ and the parallel-displacement vector VT 

^ XM R r ¥tf^W^ ^^^^^^ which comprise object 40 will be acquired. 

;^^i'5o fj:]^~^ )^^j^ T^^^ In addition, when an object is a tank, as a 

W'^h^^G'lZit.y^^'-' parts object, a gun, gun stand, a vehicle 

h t LXit^ i^^. fiS'n^ M body, a caterpillar, a wheel, etc. can be 

"^"r^ ^f\:Wm^J:^W^ considered. 

[ 0 0 4 9 ] [0049] 

y<-^y:t'7i^^^^ In the rotation matrix MR of a parts object, it 

^ T^MR Eit. is a matrix showing the direction in the world 

Y(DV—;v YmM^%Y Z X coordinate XYZ of the parts object. 

t7):^^fRl^Si"^> For example, it can express like following 

^;tf^T^ ( 3) ©j; 5J5;«itSo Formula (3). 

[MJ l [EQUATION 2] 



MR = 

! 



MOO M01 M02 
M10 M1V M12 
M20 M21 M22 



(3)i 



^ r . 1115:^ h VJ7 ;^ M R (DM 
6nA.o 0 --M 2 2 J* . xBJi 19. (D 

Z ^ ^ (D Z n -/^^ fi, E 
[0 0 5 0] 



Here, component M00-M22 of a rotation 
matrix MR can be expressed using X roll 
angles of the circumference of the X-axis, Y 
roll angle of the circumference of Y-axis, Z 
roll angle of the circumference of Z-axis, etc. 

[0050] 
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^ tz.y .y<— y :^ 31 ^ Moreover, it is a matrix sliowing the position 

M^iJ' >/vVT irfiv ^(Oy<~ by the world coordinate XYZ of the parts 

yirrf'y:^.^ —^V Y'&M.lh object in the parallel-displacement vector VT 

XYZ 'C(^{]ig^Mi"-^> y ^ ^ of a parts object. For example, it can express 

t'fc <9 ^ M;t fi*T^ ( 4 ) .fc 5 like following Formula (4). 



lo o 5 1 ] 

[ic3] 



[0051] 

[EQUATION 3] 



VT = 



TX 
T Y 
TZ 



(4) 



C t'^7'^<\'i^W^'TYjyTT0^. Here, the components TX, TY, and TZ of the 

X,. parallel-displacement vector VT express the 

V—fVYMMW^XWZ'^WKXi- amount of parallel displacements in the 

Z ^(Dj7W-X:(D^"^jWW)&^M-t direction of the X-axis of a world coordinate, 

I) CD 1? 5 o Y-axis, and Z-axis respectively. 

[01)5 21 [0052] 

LEiC 1 3 ) . ( 4 ) QM^^ h O The above Formula(3), rotation-matrix MR of 

';^MR; ¥!f^M-^:^T 7>'V TTi; (4), and the parallel-displacement vector VT 

MlO<^:^7'i^)i^J>'hAO(Di-^M are calculated with the position of the 

^.(DWW..' :^f^ (S i (D'^WiE^ representative point of object 40 of FIG. 10. 

W^ l 1 2 {c 4: *3 .7 krr AliM the direction (calculated by the moving-body 

ttS $ iih) .-^^ j; ^ Q arithmetic part 112 of FIG. 1 for each frame), 

^^..r- Bjy'f —^tlBJitJ^yiM the motion data of object 40, etc. And the 

h ^jifi/ So bTT t,ShJDM^ vertex local coordinate of each parts object is 

^>,y 23ME7"^ convertible for the coordinate of a world 

.A^wn^\('^^Ct"-Q7'^^<-yi coordinate XYZ by using these 

Wy'^y^'^'h<D'iM.M'^^io/yMM rotation-matrix MR(s) and the 

, r? — /i^ YMM^ XYZ (DMM parallel-displacement vector VT. 
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[0 0 5 3] 

mi o\c7Jki-m^m^m•t 
m.4 1 A.) -1215 (Bi jcTj^-r^i 

lO 0 5 4] 

(D Y mWt 5 T y:^\ y<y ^ - 
^Htl^^^^ . YH = TY-H 

(T.y'y^S 5)o 

[0 0 5 5] 

Y H 0 J; 19 ^3 /Jn $ V li^-g- .(.X Y 

t]|3)is^;2^o:;ii.^Kii:ija:f3^ 

v ^ T r ^ 7'. vS'i^ F P F J 
~P B 4 (0 T Y (TY X- 7. 

31 > (Di-^mMfDV—zk 
M^iBiJ'<7) Yffi^£MS;) 

19 ^J/J^$ V^fci6; P BT ~ P B 4 

ft :^:7' v= 3i h 4 0 1 60^5=?-: 
ft, -;/ :7" S i W^JiZ-cS^ 



[0053] 

Next, the parameter H showing the amount 
of submersion shown in FIG 10 is set (step 

53) . 

The special image effect as shows this 
parameter H in FIG.4(A)-FIG5(B) by making 
it change per frame can be acquired. 

[0054] 

Next, based on a parameter H, YH=TY-H is 
obtained with TY which is Y component of 
the parallel-displacement vector VT of the 
parts object used as a process target (step 

54) . And it is judged whether YH is 0 or more 
(step S5). 

[0055] 

It can be judged that the parts object which is 
a process target is a 1st part of an object 
when YH is smaller than 0 (in the case of 
TY<H). For example, in FIG 10, since TY 
(TY is equivalent to the y coordinate in the 
world coordinate of the representative point 
of a parts object) of parts object PB1-PB4 is 
smaller than H, it is judged that PB1-PB4 Is a 
1st part of object 40. In this case, the 
projection matrix MP acquired in step SI is 
made act on both the rotation matrix MR of a 
parts object, and the parallel-displacement 
vector VT, a rotation matrix MPR and the 
parallel-displacement vector VPT are 
acquired. More specifically, a matrix 
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¥tT#»-i ^ h /W P T ^#"^0 
^'OMWmiai. (5). (6) 

7°S 6. S 7)0 
MPR=MFXMR (5) 
VPT=MPXVT (6) 

^ h 4 0 <7)M l"^^^(D/N°-y;f 
y i^ai-^ h P B 1 ~ P B 4 (Dltlj^. 



calculation like following Formula (5), (6) is 
perfonTied (step S6, S7). 



- /^mm ^ W^»J«. (AT 
2/ 7° S 9 o SI 2 T 1". T 2 ^# 
MP.Ry;. MR (5 



B 1 - P B 4 

^5 r "S et 



MPR=MP*MR (5) 
VPT=MP*VT (6) 
Next, the vertex local coordinate of parts 
object PB1-PB4 of a 1st part of object 40 is 
converted into the coordinate of a world 
coordinate by the parallel-displacement 
vector VPT of the rotation matrix MPR of the 
above Formula(5), and the above 
Formula(6). More specifically, while 
rotationally moving the vertex local 
coordinate of a parts object by a rotation 
matrix MPR (refer step S8 and R1. R2 of 
FIG. 2), the vertex local coordinate of a parts 
object is displaced in parallel by the 
parallel-displacement vector VPT (refer T1 
and T2 of step S9 and FIG 2). 
In this case, MPR is produced by making MP 
act on MR, VPT is produced by making MP 
act on VT. 

Therefore, parts object PB1-PB4 of a 1st part 
of object 40 can be projected now on a 
projection surface. 



[0 0 5 6] [0056] 

^ 1^ T 2" S 5 "^^iH^^^O ]^ It can be judged that the parts object which is 

Sir Sir^ fc a process target is the 2nd part of an object 

^MMM\Z. ^J:^X V^ on the other hand when it is judged that YH 
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^yaci^ h {i, ^ > (b%Z is 0 or more in step S5. 

(D|fP3}-Cfc-5"i^Jif-Ct'5o ^iJx; For example, in FIG. 10, since TY of parts 

(fin 1 0 V^T V. y^-zVi^-f^ object PB5-PB11 is larger than H, it is judged 

31 ^ h P B 5 ~ P B 1 1 (D T Y (i tliat PB5-PB11 is the 2nd part of object 40. 

HJ; fp ti^^tv^fc i?). P B 5 ~ P 
B 1 1 ^ h 4 0 C7)^ 2 

(0 0 5 71 [0057] 

X-<D'^M^\%,. 7^'f:y''T.^ &JiM in this case, it differs from step S6, the 

W3 . ^^—'yj^'^ly}:^ '^^^^^ projection matrix MP is not made act on the 

W^}E^'!^MM.yZ}cWlM^ rotation matrix IVIR of a parts object. 

i^_M P~^f^fflF¥M^o 2f V^^^^^ And the parallel-displacement vector VPTH 

^^■^ h y '^XMP.^ ©T^Sj^: is acquired with the projection matrix MP, the 

^. > V T h y^y / —"^ H \t-^ parallel-displacement vector VT, and a 

0 V tli^ iS' > 7w V P T H ^ parameter H (step S 1 0). 

#S (^r5/:/S l O)o 

[0 0 6 8] [0058] 

X '0 Mc^&J\Oti T^K 7 ). ii.^: The projection matrix MP is made act on the 

'noTt\ ¥W^ir-^i?T>YTi vector (TX, H, TZ) which transposed Y 

(TXv TY. TZ) (DYM^A& component of the parallel-displacement 

y<v?^—^ €M xJt^^ H vector VT (TX, TY, TZ) to the parameter H as 

/k. (TX.v H. T Z) J>iv..SM^^^ shown in following Formula (7) more 

h y iJ' Xm P '^WM:§: -^T^lf P specifically, and parallel-displacement vector 

Wi^ ENYS: (.M'[:T3^'0T VT' (TX-, TY', TZ*) is obtained. 

Z')_ »?)o 

[ici ] [EQUATION 4] 





TX' 




T X 


VT' = 


T Y' 


= MP X 


H 




TZ' 




T Z 
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^{z.^ (8) {CTT^-t X ^ '(^. Next, the parallel-displacement vector VPTH 

VT' (TX\ TY\ TZ') (DY^ is acquired by transposing Y component of 

7^ 5/ y S 4 -e^f htlfcY. VT' (TX", TV', TZ') to YH obtained by step S4 

H {c:g# :i_tX\ W-^J^W} as shown in following Formula (8). 

^^y^^y p T H ww^^ 



[EQUATION 5] 



VPTH = 



TX' 

YH 

TZ' 



(8) 



lL^ (7) v^^TAyTff)TY^. 

h 4 0 (Dmmx ^ m 2 om 
•^'7)7^ ^ ywy'v:^ 2" HUB 

p. 6 i. 

PL 2 aSx^KIigil5::fe:$IO 

2 (im^jtiM^ ;t p 2j©y 
4 <D¥w^m^Bx-h 5 1: 3 . t:4 



[ 0 0 5 9 ] 

i^fzJi^ {8) -fTY'^YH^T 

Y-H\cm^M^tz(oit. m 1 oic 
^ K p B 5 ~ p B i 1 (DYmmt^ 



Having replaced TY of Vector VT by H by 
the above Formula(7) is based on the 
following reasons. That is, in FIG. 10, parts 
object PB5-PB11 of a 2nd part displaces in 
parallel according to a transformation of 
object 40. However, it is because the 
parallel - displacement distance is 
proportional to H. For example, in FIG 2, 
with respect to the length of T1 and T2 
which are the parallel-displacement 
distance of P1 and P2 being proportional to 
Y component of P1 and P2 respectively, the 
length of T3 and T4 which are the 
parallel-displacement distance of P3 and P4 
is equal, and proportional to both H. 

[0059] 

Moreover, TY' was transposed to YH=TY-H 
in FIG. 10 by the above Formula(8) because 
it was set to YH which is the value in which 
the Y coordinate of parts object PB5-PB11 
of a 2nd part pulled H from the Y coordinate 
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Ti of each parts object according to a 
transformation of object 40. 



[0 0 6 0] 

Wit:., m^v h y. > ;<MR J; 19": 
:y ;<)-:/V ^ > oH,^ p -i; 

5/7°S 1 l)s ^W^Wi^^ h/^v 

© II n -v(7 /VffiM^MMIl 

[ 0 OlF T ] 

^ X J 7° S 8 -^fCjreCT P 

•T '^-/s 1" 1 -efiv MP:^f^ffl:$* 
HI i 0 icioV^T;, B 2 (dM'^ 

(D /< — K P B . 5 ~ P 

B i Tiz-?V^Xit^BW:^.o)M 

itm 2(DR 1\ R 2 tC^-r j; 5 f-H 
1 (DU6^(Dy<~-y tyiy:tLi!7 KP 
1 . P 2 ^cov^TfiS^ffi 1 6 

^^-s^^s'i^.ii^iEP' arp 4 
[a'o 6 2] 

s i"3 ) ; \.X\^fl.\^'^^\z.\t 



[0060] 

Next, while rotationally moving the vertex 
local coordinate of a parts object by a 
rotation matrix MR (step S11), the vertex 
local coordinate of a parts object is 
displaced in parallel by the 
parallel-displacement vector VPTH (step 
S12). 

[0061] 

In step S8, it was rotationally moving by 
IVIPR produced by making MP act on MR. 
However, in step S11, it rotationally moves 
by MR, without making MP act. 
This is because the rotational movement to 
a projection surface is not performed about 
parts object PB5-PB11 of a 2nd part In FIG. 
10. 

For example, about the parts objects PI 
and P2 of a 1st part, it rotationally moves 
toward the direction of a projection surface 
16 as shown in R1, R2 of FIG 2. However, 
about the parts objects P3 and P4 of a 2nd 
part, it does not rotationally move toward 
the direction of a projection surface 16. 

[0062] 

Next, it judges whether processing of all 
parts objects was completed (step S13), 
when not having completed. It returns to 
step S4, and the same processing is 
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repeated. 



[0 0 6 3] [0063] 

MBit, [16 (A). (B) KTjkir]) FIG. 8 is the flowchart of the generation 
T /\^yj:^(D 7 ^ —'f processing of a real shadow shown in FIG.6 
e y-^^^o (A). (B). 



[0 0 6 41 

E% ( 2 ) \t7f.± ^ 0 > y 



[0064] 

First, based on the light-source vector VL, 
the projection matrix MP as shown to the 
above Formula(2) is acquired (step U1). 



[ 0 0 6 5 ] [0065] 

l^^tSE3f ?SSl?^F^MB^^ Next, rotation-matrix MR of each parts 

F y^!^M^p^:$IK£^ object which comprises an object, and the 

^MRZWM^S^'^rKN^YTWM. parallel-displacement vector VT are 

S (Xxly l°n:2:) „ WSI l^C' CSD . acquired (step U2). 

{W\^^fi^^T^WW^ZYT^M, That is, MR and VT as shown to the above 

So Formula(3) and (4) are obtained. 



[0 0 6 6] 

m^Z ^ ( 5 ) , ( 6 ) J; 5:t-> 

i/ ^ h h y 7. M R t 

MP XMR <t¥ff#S!)^i^ f^/^V 
p T =M P X V T^l#6" r> 7° 



[0066] 

Next, the projection matrix MP is made act 
like the above Formula(5) and (6) on both 
the rotation matrix MR of a parts object, and 
the parallel-displacement vector VT, 
rotation-matrix MPR=MP*MR and parallel - 
displacement vector VPT=MP*VT are 
obtained (steps U3 and U4). 



[ 0 0 6 f l [0067] 

^{c^ HMt' \^' ))1^ P^MTK}:3^i:\ Next, the vertex local coordinate of the parts 

l^Wi^'i' \^)Vy Wj\:z.X^ \ l^I^'y\ object of an object is transformed into the 

a^^ y(D/<—y^'f^-^^'^ VjDM coordinate of a world coordinate by the 

i-nCn— ;^7/wffiM^ !7--7k KMM^ rotation matrix MPR and the 

coM^}-^^1"5o parallel-displacement vector VPT. 
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(i, Ky i5';=^MP R jciJ; "9 ^ More specifically, while rotationally moving 

^^—y-^z^-ya^^ h TS n — the vertex local coordinate of a parts object 

/u-M^^lHl^^Sj-f (xx by a rotation matrix MPR (step U5), the 

yfM 5), ^^1"^%^^ h/i^V P vertex local coordinate of a parts object Is 

T{cj; <9\ /^— y;t-7'v/aii5' h(DlI displaced In parallel by the parallel - 

^ p — ;<7 /WJl^^¥tTM-f 5 displacement vector VPT (step U6). 



[0 0 6 a] 

U.7 ) . mi UT v>7£v 

•9 ig-To 



[0068] 

Next, it judges v/hether processing of all 
parts objects was completed (step U7), 
when not having completed, It returns to 
step U3, and the same processing is 
repeated. 



[00 6 9] 

tffl $-tf r LfcMP R ; V P T 

. y ;f T' v'rc i^ib um^ 



[0069] 

According to processing of FIG. 8, based on 
MPR and VPT which had made MP act 
beforehand and produced it, the coordinate 
transformation of the vertex local coordinate 
of a parts object is performed to once. 
Therefore, the projection transformation of 
the vertex local coordinate is carried out by 
MP, next, compared with the case where the 
coordinate acquired by this conversion is 
rotationally moved and displaced in parallel 
by MR and VT, the amount of calculations 
can be reduced particularly. And according 
to this Embodiment, in spite of being able to 
reduce the amount of calculations 
particularly in this way, a very real shadow 
can be generated as shown in FIG.6 (A), 
(B). 



[0 0 7 0] 



[0070] 

["C^-S^^— Next, an example of the structure of a 
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hardware which can achieve this 
Embodiment is demonstrated using FIG 11. 
With the apparatus shown to this figure, 
CPU 1000, ROM 1002, RAIVI1004, the 
information storage medium 1006, the 
sound generation IC 1008, the image 
generation IC 1010, and I/O ports 1012 and 
1014 are connected so that data 
transmission and reception can be mutually 
carried out by a system-bus 1016. 
And display 1018 is connected to said 
image generation IC 1010, speaker 1020 is 
connected to the sound generation IC 1008, 
the control apparatus 1022 is connected to 
I/O port 1012, the communication apparatus 
1024 is connected to I/O port 1014. 



[0 0 7 1 1 

mmmmwwi o o b a: 

6 It ROM 1 0 0„2 jvl/c? -S o 



[0071] 

Image data for the information storage 
medium 1006 to express a program and a 
display material, an audio data, etc. are 
mainly stored. For example, in a domestic 
game device, CD-ROM, a game cassette, 
DVD, etc. are used as an information 
storage medium which stores a game 
program etc. Moreover, memories, such as 
ROM, are used in a business use game 
device, in this case, the information storage 
medium 1006 is set to ROM1002. 



[0 0 7 2] 



[0072] 

The control apparatus 1022 corresponds to 
a game controller, a console, etc. It is an 
apparatus for inputting into a device main 
body the result of the judgment which a 
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gg3|c^$:{cX;'3't'5fcfe(^i^fi"T? player makes according to game advance. 



[0 0 7 31 
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[0073] 

According to the program stored in the 
information storage medium 1006, the 
system program stored in ROI\/I1002, the 
signal input by the control apparatus 
(initialization information of a device main 
body etc.) 1022, CPU 1000 performs control 
of the whole apparatus and various data 
processing. 

RAM 1004 is a memory means by which it is 
used as workspace of this CPU1000 etc. 
The given content of the information storage 
medium 1006 or ROM 1002 or the 
calculation result of CPU1000 is stored. 
IVIoreover, the data structure (for example, 
data of a parts object) with the logical 
structure for achieving this Embodiment is 
built on this RAM or the information storage 
medium. 



[0 0 7 4 ] 

o K ^ o W&T C TO 0 

8 ifmmmmm to o;6~^r o 
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[0074] 

Furthermore, the sound generation IC 1008 
and the image generation IC 1010 are 
provided at this kind of apparatus, and the 
suitable output of a game sound or a game 
image can be performed now. The sound 
generation IC 1008 is an integrated circuit 
which generates game sounds, such as an 
effect and a background music, based on 
the information stored in the information 
storage medium 1006 or ROM1002. 
The generated game sound is output by 
speaker 1020. 
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Moreover, the image generation IC 1010 is 
an integrated circuit which generates the 
pixel Information for outputting to display 
1018 based on the image information sent 
from RAI\/I1004, ROM 1002, and Information 
storage-medium 1006 etc. 
In addition, as display 1018, what is called 
the so-called head mounted display (HMD) 
can also be used. 



[0 0 7 5] 
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[0075] 

Moreover, a communication apparatus 1024 
exchanges with an exterior the various 
Information utilized Inside a game device. 
It connects with another game device, and 
the given information according to a game 
program is sent and received, It utilizes for 
sending and receiving information, such as 
a game program, via a communication line 
etc. 



1. 0 0 7 6] 

b-t H 1 -HI 6_CB ) V 1 9 .(A) 
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[0076] 

And various processing demonstrated in 
FIGS. 1-6 (B) and FIG.9(A)-FIG. 10 is 
achieved by the information storage 
medium 1006 which stored the program 
which performs processing shown to the 
flowchart of FIG 7, FIG 8, CPU 1000 
operated according to this program, the 
image generation IC 1010, and sound 
generations IC 1 008 etc. 
In addition, CPU1000 or general purpose 
DSP may perform by software processing 
performed by the Image generation IC 1010 
and sound generations IC 1008 etc. 
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[0077] 

The example at the time of applying this 
Embodiment to FIG. 12(A) at a business use 
game device is shown. Looking at the game 
image projected on display 1100, a player 
operates lever 1102 and button 1104 and 
enjoys a game. CPU, the Image generation 
IC, sound processing IC, etc. are mounted 
in IC substrate 1106 incorporated in an 
apparatus. And while projecting in the 
direction of a projection vector with respect 
to a given surface about a 1st part of a 
given object, it is the image which contains 
the infomriation for transforming this object 
by displacing in parallel in the direction of a 
projection vector about the 2nd part of this 
object, and the image of the object which 
transformed, comprised such that the 
information for controlling to variable the 
boundary of the information for generating 
the image which is in sight in the given 
viewpoint in object space, and the part of 
said 1st, 2nd etc. is stored in memory 1108 
which is the infomriation storage medium on 
IC substrate 1106. Hereafter, such 
information is called the storing information. 
Such storing information contains at least 
one, such as the program code for 
performing said various processing, image 
information, sound information, shape 
information of a display material, table data, 
list data, and player information. 

[0078] 

The example at the time of applying this 
Embodiment to FIG.12(B) at a domestic 



8/16/2004 



36/51 



(C) DERWENT 



JP11-306389-A 



M^TT^i'o ^\^—^\t'f4 ^':f^^ game device is shown. 

1 2 0 Ofcs^UttSStifc^^Alj Looking at the game image projected on 

^—h^^l/ Y'ci — y display 1200, a player operates the game 

1 2 0 2, 1 2 0 4Sr^j^L"Cy— controllers 1202 and 1204 and enjoys a 

A^^bt?o JblE1§^tt game. In this case, said storing information 

Wit. ^l^iggtc^flJiiffiTfeWM is stored in CD-ROM 1206 and 1208 or 1209 

lij^^f^'t'fo^ CD - ROM 1 2 0 etc. of IC cards which are the information 

6 , I C — F 1 2 0 8 , 1 2 0 9 storage medium detachable to a main body 

^ $ tiT V ^ 5 o apparatus. 

[0 0 7 9] [0079] 

[El l 2 (C) {t, hMfe The example at the time of applying this 

0jt^> S^^tJ^^^ Embodiment to the game device which 

ifiMMT OX contains in FIG. 12(C) the host apparatus 

g)*SMr;OJ-1S:i::3IQ^ E 1300, this host apparatus 1300, and 

W:^^&^~EM^\t.MMWBMM\ terminal 1304-1-1304-n connected via a 

SM L7c^^O^^ communication line 1302 is shown. In this 

IX^MMMWif^^'M^ case, said storing information is stored in 

^fil 3 0 Q /5^fJl]^K the information storage media 1306, such 

-{y^ ^^^^W.M%y'^ as a magnetic disc unit which can control 

y #Olf MfSMMI* 1^3 0^ 6 the host apparatus 1300, a magnetic tape 

^ V ^^o M^l 3 0 4-1 J unit, and a memory. 

3 0 4-n^^sC PlJ;iSM^Sg I C^ Terminal 1304-1-1304-n has CPU, the 

I C^Wb. image generation IC, and the sound 

-cy— i^^ll^v processing IC, when it is what can generate 

S^^O-T^feS^-^tcf*; hMB a game image and a game sound by a 

1 3 0 0 t^h\t. ^—d^M^. V:-^. stand-alone, from the host apparatus 1300, 

A^^^j5gi"'5Yci6cD"^^^ the game program for generating a game 

L^^i^^^^l Q A image and a game sound etc. is delivered 

O:^ -n (SSfi^^^ feS ol=S by terminal 1 304-1-1 304-n. 

KTP >i'5S^5^?£v^ On the other hand, when it cannot generate 

7j:;XTMHX3^0 l^^ by a stand-alone, the host apparatus 1300 

A^^^^C^^^i^ generates a game image and a game 

0 4-1r- 1 3 0 4-n rcBi^CMI^ sound, this is transmitted to terminal 

\t^\^X'^f]'f^Z EScJi^:}, 1304-1-1304-n, and it outputs in a terminal. 
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[0080] 

iMMM'^^^M In addition, in this invention, not only in what 
1^ (D^MMM was demonstrated in said Embodiment, but 

various transformation implementation can 

be performed. 



[0 0 8 1 ] 
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[0081] 

For example, as for the object 
transfomiation method of this invention as 
shown to FIG. 2, FIG 3, it is especially 
preferable to achieve by processing as 
shown in FIG. 7. However, this invention is 
not limited to this but can be achieved by 
different various processing from FIG. 7. 



[0 0 8 2] 
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[0082] 

Moreover, this Embodiment demonstrated 
the color data in the image data of the part 
(a 1st part) projected on the given surface 
taking the case of the case where it 
changes into black. However, as image data 
to change, not only color data but the data 
for semi-transparent processing, texture 
data, brightness data, etc. can be 
considered. 



[0 0 8 3] 



[0083] 

Moreover, this Embodiment demonstrated 
the case where an object was projected in 
the direction of a light-source vector. 
However, the projection vector in this 
invention is not limited to a light-source 
vector. 



[0 0 8 4] 



[0084] 

Moreover, the object used as transformation 
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object or the object used as the generation 
object of a shadow is not limited to people, 
but can consider various things, such as a 
robot, a vehicle, a motorbike, a tank, and an 
aeroplane. 

[0085] 

Moreover, this Embodiment demonstrated 
the case where this invention was applied to 
a sport-combative game. However, this 
invention can be applied to not only this but 
various games (a robot versus fighting 
game, a role playing game, a shooting 
game, sports games, competition game, 
etc.). 



[0086] 

Moreover, this invention can be applied to 
not only a domestic and business use game 
device but various image generation 
apparatus, such as a system board which 
generates the large sized attraction 
apparatus with which the player of a 
simulator many participates, a personal 
computer, a multimedia terminal, and a 
game image. 



[ 0 0 8 7 ] [0087] 

[HiffiOMfemgg] [BRIEF DESCRIPTION OF THE 

DRAWINGS] 



[mo [FIG 1] 

i^%WMW?^W$i'^^U(DWM It is an example of the functional-block 
•f 'xiy ^ S J figure of the image generation apparatus of 

this Embodiment. 
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m2] [FIG 2] 

:^MM]f^M(D:ty'i^::r:^ h^jf^^ It is a figure for demonstrating the object 

W:\^^^^XW.^Mir 6fc^(D^X^h transformation method of this Embodiment. 

[ [13 1 [FIG 3] 

"^MMWWiZZWW&K It is a figure for demonstrating the special 
HM^S&M^fe image effect obtained by this Embodiment. 

[Bl 4 ] [FIG 4] 

lli;4 lAL (BT U.:W^WMWi^ FIG.4(A), (B) is a figure which shows the 

^X3 ^W^ti'^^MW]^ example of the image generated by this 

'^M^Sul Embodiment. 

[MB] [FIGS] 

HS (A). (B) h^.^MMMMl^ FIG.5(A), (B) is also the figure which shows 

cJ: D ti6MW(DM^^irM the example of the image generated by this 

Xlh §0 Embodiment. 

imn [FIG 6] 

HO A) . ( B rix3|IM?]gW{5 FIG.6(A), (B) is also the figure which shows 

the example of the image generated by this 

Lt:l?§j Embodiment. 

[117] [FIG 7] 

mMMWM^MWW^MW^M^ It is a flowchart for demonstrating the 

-f: -5 tz^(D yu'^-'f- — bVi? I) § ^ detailed process example of this 

Embodiment. 

[ 0 8 1 [FIG 8] 

It is a flowchart for demonstrating the 

^Yc<^(^7 P — H t: fc^6 detailed process example of this 

Embodiment. 
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[FIGl 9] 

FIG9(A), (B) is a figure for demonstrating 
the projection by a light-source vector. 

[Fia 10] 

it is a figure for demonstrating the method of 
judging in any of a 1 st, 2nd part the parts 
object used as a process target is contained 
based on Y component and the parameter 
H of a parallel-displacement vector. 



[HI 1] 



[FIG. 11] 

It is the figure which shows an example of 
the structure of a hardware which can 
achieve this Embodiment. 



[HI: 12 1 [FIG 12] 

]T2 (A), (.a), {CJM'I^M FIG.12(A), (B), (C) is a figure which shows 

iWM:i^MMj^M3M.-^^<^^ the example of the apparatus of various 

eM^^J^r^Tm^^S^^ form with which this Embodiment is applied. 
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[DESCRIPTION OF SYMBOLS] 
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1 1 2 MW}WMWW> 114 Object transformation part (shadow 

1 14 ^ h^MM (M± generation part) 

j^?f|5) 150 Image generation part 

15 0 MW^f^M 190 Information storage medium 
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START 

Acquire projection matrix IVIP based on the light-source vector VL U1 
Acquire rotation-matrix MR of each parts object, parallel-displacement vector VT U2 

U3, U4 

Rotationally move the vertex local coordinate of a parts object by MPR U5 
Rotationally move the vertex local coordinate of a parts object by VPT U6 
Processing of all parts objects complete? U7 
Proceed to next parts object processing 
END 
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